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Description 

[0001] The present invention relates to interconnect 
semiconductor structures and, in particular to an alpha- 
phase W barrier layer that is formed in the trenches or s 
vias of such interconnect structures using a low temper- 
ature/low pressure chemical vapor deposition tech- 
nique, wherein tungsten hexacarbonyl, W(CO) 6 , is em- 
ployed as the precursor or source material. The alpha- 
phase W barrier layer of the present invention is ultra- 10 
thin (less than 15 nm), essentially impermeable to con- 
ductive materials, exhibits good adhesion to the dielec- 
tric material and the conductive material of the intercon- 
nect structure, and it conformally and continuously cov- 
ers a high aspect ratio trench (greater than 3:1 depth/ 15 
width). Hence, the alpha-phase W barrier layer of the 
present invention can be used in many interconnect 
structures wherein such a barrier layer is required. This 
includes, but is not limited to: damascene structures, 
memory cell capacitors and all other wiring applications 20 
for logic, memory and input/output applications. The 
barrier layer of the present invention can also be used 
in gate stack applications between polysilicon and a 
metallization, i.e. conductive, layer. 

[0002] In order to fabricate high performance inter- 2s 
connect structures for state of the art semiconductor de- 
vices, it is necessary to embed a conductive material 
such as Cu into a dielectric material having a trench or 
via formed therein. Organic as well as inorganic dielec- 
tric materials are known and are currently being em- 00 
ployed in such applications. Examples of organic die- 
lectrics include: polyimides, paralyne polymers, silicon 
polymers, i.e. polys iloxanes, diamond, diamond-like 
carbon and the like, while Si0 2 , Si 3 N 4 , silicon oxide/ni- 
tride mixtures or alternating oxide/nitride layers are 35 
known inorganic dielectrics. 

[0003] While Cu is currently being developed for use 
in semiconductor manufacturing by the assignee herein 
for such applications, it exhibits a number of undesirable 
properties. One highly undesirable property that Cu ex- 40 
hibits is that it generally diffuses through the dielectric 
material at the moderately elevated temperatures en- 
countered during subsequent processing steps. The 
out-diffusion of Cu can have a number of deleterious ef- 
fects on the interconnect structure being manufactured. 45 
For example, the out-diffusion of Cu may cause short 
circuiting of the wires or it may degrade the performance 
of the MOS device. 

[0004] To overcome this out -diffusion problem exhib- 
ited by Cu, a barrier layer is generally formed between so 
Cu and the dielectric material. In prior instances, the ma- 
terial used in forming the barrier layer has not been com- 
patible with the dielectric material, i.e. it does not adhere 
well to the dielectric material. Thus, an additional adhe- 
sion layer has been required in order to achieve satis- ss 
factory adhesion of the barrier layer material to the die- 
lectric. 

[0005] A typical prior art interconnect structure con- 



taining a dielectric, an additional adhesion layer, a bar- 
rier layer and Cu is shown in Fig. 1 . Specifically, this prior 
art interconnect structure shown in Fig. 1 comprises a 
dielectric 10 having at least one trench or via formed 
therein, an adhesion layer 12, a barrier layer 14 and Cu 
region 1 6. The trench or via is formed in the surface of 
dielectric 10 using standard lithographic patterning tech- 
niques that are well known to those skilled in the art. It 
should be emphasized that although the various layers 
are shown as conformal layers in Fig. 1 in reality the 
layers are non-conformal since the previous prior art 
processing techniques used in forming the various lay- 
ers are incapable of providing conformal trench cover- 
age. 

[0006] As stated above, the adhesion layer is only re- 
quired when barrier layer 14 is not compatible with die- 
lectric 10. Suitable materials for the adhesion layer in- 
clude: Ti, Cr and other similar materials. The adhesion 
layer is formed using standard deposition techniques 
such as sputtering. The Cu region is formed using plat- 
ing, chemical vapor deposition, plasma vapor deposi- 
tion and like techniques which are also well known in 
the art. 

[0007] The barrier layer in the prior art structure of Fig. 
1 is typically composed of a metal such as Ta. The prior 
art barrier layers may be formed using sputtering and 
other known deposition techniques. 
[0008] Although a wide range of materials can be em- 
ployed as barrier layer 14, the prior art barrier layers do 
not meet all of the following requirements which are now 
deemed as necessary in the fabrication of interconnect 
structures: 

(1) . The barrier layer must be impermeable to Cu 
under the conditions to which the device will expe- 
rience in further processing, as well as under oper- 
ating conditions; 

(2) . The barrier layer must exhibit good adhesion to 
the dielectric comprising the interconnect structure; 
therefore, obviating the need for an additional ad- 
hesion layer; 

(3) . The barrier layer must be formed in such a man- 
ner as to comformally and continuously cover a high 
aspect ratio trench. By "high aspect ratio", it is 
meant a trench wherein the depth to width ratio is 
greater than 3:1; 

(4) . The barrier layer should be as thin as possible, 
so as to maximize the fraction of the cross-section 
of the trench which may be filled with the Cu wiring, 
so as to maximize wire conductivity; 

(5) . The barrier layer should be of uniform thickness 
throughout the structure, i.e. coverage of the inter- 
connect trench should be conformal. A barrier fail- 
ure will be determined by the thinnest region of the 
structure, non-uniformity in thickness will necessar- 
ily be wasteful of the trench cross -sectional area; 

(6) . The barrier layer should be made from a mate- 
rial that has the lowest possible resistivity so as to 
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aide in minimizing the total wire resistivity; and 
(7). The barrier layer should be resistant to oxida- 
tion so as to facilitate the filling of the remaining 
trench volume with Cu with a minimum of pretreat- 
ment steps or processes. s 

[0009] While prior art barrier layers may satisfy one 
or more of the above criteria, none of the barrier layers 
provided in prior art processes are known to satisfy all 
of them. Thus, there is a need to develop a new barrier io 
layer that satisfies each and every criteria mentioned 
hereinabove. Such a barrier layer would be extremely 
useful in all semiconductor interconnect applications 
wherein Cu or another conductive metal is found. 

15 

Summary of the Invention 

[0010] One object of the embodiment of the invention 
is to provide a barrier layer for use in interconnect trench 
or via structures which satisfies the above mentioned 20 
criteria listed under items 1 -7. 

[0011] One specific object met by the embodiment of 
the invention is that it provides a barrier layer that is com- 
patible, i.e. adheres, with both the dielectric material and 
the conductive material so as to eliminate the need of 25 
an additional adhesion layer in interconnect structures. 
[0012] A second specific object met by the embodi- 
ment of the invention is that it provides a barrier layer 
which is ultra-thin (less than 15 nm) and is capable of 
conformally covering high aspect ratio trenches or vias. 30 
[0013] These and other aspects and advantages are 
achieved in the present embodiment by utilizing alpha- 
W as a barrier layer, wherein the alpha-W is formed by 
a low temperature/low pressure chemical vapor depo- 
sition (CVD) process using tungsten hexacarbonyl, W 35 
(CO) 6 , as the precursor, i.e. source material. Specifical- 
ly, the barrier layer of the present invention comprises 
alpha-phase W which is a single phased material that is 
formed from W(CO) 6 utilizing a low temperature/low 
pressure CVD process. No other phases such as 0-W 40 
are formed by utilizing the method of the present inven- 
tion. 

[0014] Another aspect of the present invention relates 
to a method of forming an alpha-W barrier layer on the 
sidewalls and bottom of a trench or via that was previ- 45 
ously formed in a dielectric material. Specifically, the al- 
pha-W barrier layer is formed in the present invention 
by depositing a conformal layer of alpha-W having a 
thickness of less than 15 nm on the sidewalls and bot- 
tom of a trench or via region previously formed in a di- so 
electric material, wherein said deposition is carried out 
by chemical vapor deposition (CVD) using W(CO) 6 as 
a source material. 

[0015] A still further aspect of the present invention 
relates to a structure comprising at least one layer of a ss 
semiconducting, e.g. polysilicon, or dielectric material 
having a layer of alpha-W over a portion of said semi- 
conducting or dielectric material; and a conductive ma- 



terial formed over said alpha-W layer. The alpha-W is 
formed over the material in accordance with the method 
described hereinabove in forming the alpha-W barrier 
layer. 

[0016] A yet further aspect of the present invention 
relates to interconnect structures that contain the alpha- 
W barrier layer of the present invention inside the trench 
or via structure. Specifically, the interconnect structure 
of the present invention comprises one or more layers 
of a dielectric material having at least one trench or via 
region therein; a barrier layer of the alpha-W covering 
the sidewalls and the bottom of the at least one trench 
or via region, wherein said alpha-W barrier layer is a 
continuous single phased material having a thickness 
of less than 15 nm; and a conductive material formed 
ever said alpha-W barrier layer in said at least one 
trench or via region. Vias may also be formed in a re- 
spective dielectric extending from the bottom of a trench 
to an interconnect wiring trench below. 
[0017] Suitable interconnect structures that are con- 
templated in the present invention include, but are not 
limited to: memory cell capacitors including plate capac- 
itors, crown capacitors, stack capacitors and other like 
capacitors; damascene structures including dual and 
single; multiple wiring levels containing a plurality of vias 
and metal lines; and other like interconnect structures. 

Brief Description of the Drawings 

[0018] Fig. 1 is a cross-sectional view of a prior art 
interconnect structure. 

Fig. 2 is a cross-sectional view of a trench capacitor 
structure of the present embodiment which contains al- 
pha-W as the barrier layer. 

Fig. 3 is a cross-sectional view of a dual damascene 
structure of the present embodiment which contains al- 
pha-W as the barrier layer. 

Fig. 4 is a schematic diagram of a CVD apparatus which 
is used in the present embodiment to deposit the alpha- 
W barrier layer. 

Fig. 5 is a triangular voltage sweep graph (capacitance 
vs. voltage) of a SiOg/Si substrate containing an alpha- 
W barrier layer formed in accordance with the present 
invention. 

Figs. 6(a) and (b) are X-ray crystallography data for (a) 
alpha-W prepared in accordance with the present inven- 
tion; and (b) sputtered W which contains both alpha- 
phase W and beta-phase W. 

[0019] The present embodiment which is directed to 
a barrier layer comprising alpha-W, will now be de- 
scribed in greater detail by referring to the drawings that 
accompany this application. It should be noted that in 
the drawings like elements or components are referred 
to by like and corresponding reference numerals. It is 
further emphasized that while the present embodiment 
illustrates plate capacitors and dual damascene inter- 
connect structures, it can be used in other applications 
wherein a conductive material such as Cu is employed 
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as an electrode or wiring means. Another potential ap- 
plication for the alpha-W barrier layer of the present ap- 
plication is in a gate stack wherein the alpha-W would 
be formed between polysilicon and an outer metalliza- 
tion layer using the method of the present embodiment, s 
[0020] Referring to the drawings in more detail, and 
particularly referring to Figs. 2 and 3, there are shown 
two types of interconnect structures that may contain the 
barrier layer of the present embodiment therein, i.e. a 
continuous layer of alpha-W which is formed by CVD 10 
using W(CO) 6 as the source material. Fig. 2 represents 
a parallel plate capacitor whereas Fig. 3 is a dual da- 
mascene interconnect structure. It is emphasized that 
although the present embodimednt illustrates only the 
above two structures it is nevertheless not limited there- is 
to. Instead, the alpha-W barrier layer of the present em- 
bodiment can be used in any application wherein a con- 
ductive metal such as Cu is filled inside a trench or via 
of a dielectric material. It should also be emphasized 
that the drawings of the present embodiment show only 20 
layers and materials that are necessary to describe the 
embodiment other layers and materials which are 
known to those skilled in the art are also contemplated 
in the present invention. 

[0021] Specifically, Fig. 2 illustrates a parallel plate 2S 
capacitor which comprises semiconductor substrate 20, 
dielectric 22 having an opening, i.e. trench or via, in its 
surface, an alpha-W barrier layer 24 prepared in accord- 
ance with the present embodiment, optional metal seed 
layer 26, conductive material 28, alpha-W barrier layer 30 
25, dielectric 30 and electrode 32. The capacitor struc- 
ture of Fig. 2 also includes barrier layer 36 which may 
be composed of alpha-W or another material such as 
silicon nitride which prevents contact of conductive ma- 
terial 28 and dielectric 22. When alpha-W is used as bar- 35 
rier layer 36, the method of the present embodiment is 
employed. When other barrier materials are used, con- 
ventional deposition techniques are employed in form- 
ing barrier layer 36. 

[0022] This capacitor structure is prepared utilizing *o 
conventional processing steps well known to those 
skilled in the art except for the deposition of alpha-W 
barrier layers 24 and 25 which are formed utilizing the 
low temperature/pressure CVD process described 
hereinbelow. It is noted that barrier layer 36 may also 
be formed utilizing the method of the present embodi- 
ment. Since all of the other processing steps are known 
to those skilled in the art, a detailed description of the 
same is not given herein. 

[0023] Semiconductor substrate 20 may contain ap- so 
propriate diffusion and isolation regions to form elec- 
tronic devices which are embedded in semiconductor 
substrate 20. For clarity, these regions as well as others 
are not shown in the drawings of the present embodi- 
ment. Any suitable material that is semiconducting may ss 
be employed in the present invention as semiconductor 
substrate 20. This includes, but is not limited to: silicon 
(Si), Ge, SiGe, GaAs, InAs, InP and all other IH/V com- 



pounds. Of these semiconducting materials, it is highly 
preferred in the present embodiment that semiconduc- 
tor substrate 20 be composed of Si or SiGe. 
[0024] The semiconductor substrates employed in 
the present embodiment may be of the p-type or n-type 
depending upon the type of electronic device being 
manufactured. 

[0025] Dielectric 22, which contains a trench region 
formed in its surface, includes any insulative material 
including inorganic materials as well as organic materi- 
als. Suitable dielectrics that can be employed in the 
present embodiment include: but are not limited to: 
Si0 2 , Si 3 N 4 , polyimides, diamond, diamond-like carbon, 
silicon polymers, paraiyne polymers and fluorinated dia- 
mond-like carbon. These dielectrics may be doped or 
undoped. When doped, the dopant may be boron, fluo- 
rine, phosphorus, silicon, Ge or another like dopant ma- 
terial. 

[0026] Dielectric 22 may contain appropriate word 
lines, bit lines, and other components which are typically 
present in capacitor structures of the type illustrated by 
Fig. 2. For clarity, these elements are not shown in the 
drawings of the present embodiment. Reference is 
made to copending and coassigned U.S. Application 
Serial Nos. 08/636,457, filed April 23, 1996, to Andrica- 
cos, et al. and 08/886,459, filed May 30, 1997, to Grill, 
et al., which are both incorporated herein by reference, 
for providing a detailed description of capacitor struc- 
tures and how the same are fabricated. 
[0027] As stated above, many of the processing steps 
used in forming the structure shown in Fig. 2 are known. 
For example, the structure is formed using conventional 
techniques which include: forming dielectric 22 on sem- 
iconductor substrate 20 by, for example, CVD, spin-on 
coating and plasma vapor deposition, and then a trench 
is formed in dielectric 22 utilizing standard lithography 
techniques well known to those skilled in the art. 
[0028] Next, alpha-W barrier layer 24 is formed in the 
trench of the structure utilizing the method of the present 
embodiment which will be described in greater detail 
hereinbelow. 

[0029] The structure in Fig. 2 also includes an optional 
metal seed layer 26. Examples of metal seeds layers 
and how the same are formed can be found in copend- 
ing and coassigned attorney Docket No. Y0996-262, 
filed April 27, 1998, to Edelstein, et al., the contents of 
which are being incorporated herein by reference. The 
metal seed layers that are employed in the present em- 
bodiment include, but are not limited to: Cu and Al. The 
seed layer, when present, is formed by conventional 
means including sputtering, CVD and plating. In addition 
to optional seed layer 26, a conductive region 28 com- 
posed of a conductive material such as Cu, Al, or alloys 
of Cu or Al is formed such that conductive region 28 at 
least fills the inside of the trench region. A preferred ma- 
terial for conductive region 28 is Cu. Reference is made 
to copending and coassigned U.S. Application Serial 
No. 08^768,107, filed December 16, 1996, to Andrica- 
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cos, et al., the contents of which are being incorporated 
herein by reference, for describing various means for 
forming a conductive material in a trench region. In Fig. 
2, conductive region 28 extends outside of the trench 
and it is patterned to a desired shape. It is also within 
the contemplation of the present embodiment to have a 
planarized conductive region which does not extend 
outside of the trench. Barrier layer 36, which may or may 
not be composed of alpha-W, prevents contact of con- 
ductive region 28 with dielectric 22. 
[0030] The structure in Fig. 2 further includes an al- 
pha-W barrier layer 25 formed over conductive region 
28 using the method of the present embodiment, a die- 
lectric 30 which is formed over barrier layer 25 utilizing 
conventional deposition techniques such as CVD. Suit- 
able materials for dielectric 30 include, but are not lim- 
ited to: Si 3 N 4 , oxynitrides, metal oxides such as Ta 2 O s 
and Ti02„ (Ba,Sr)Ti0 3 (BST) and (Pb,La,Zr)Ti0 3 
(PLZT). The final component of the plate capacitor 
shown in Fig. 2 is an electrode 32 which is formed uti- 
lizing conventional deposition techniques including plat- 
ing. The material used in forming electrode 32 includes, 
but is not limited to: W, Cu, Al, Pd, polysilicon and Pt. 
[0031] Before addressing how alpha-W barrier layers 
24 and 25 are formed in Fig. 2, attention is directed to 
the interconnect structure shown in Fig. 3. Specifically, 
Fig. 3 illustrates a dual damascene structure which com- 
prises a lower interconnect level 40 and an upper inter- 
connect level 42. Each level includes a via region and 
a metal region. The via region is distinguishable from 
the metal region in that it has a narrower opening as 
compared with the opening of the metal region. Lower 
interconnect level 40 includes dielectric 22 having an 
opening or trench therein that is filled with alpha-W bar- 
rier layer 24, optional metal seed layer 26 and conduc- 
tive region 28. On top of lower interconnect level 40 is 
an upper interconnect level 42 which includes dielectric 
44 having a trench region exposing the filled trench of 
lower interconnect level 40. The trench region of upper 
interconnect level 42 is filled with an alpha-W barrier lay- 
er 24, an optional seed layer 26 and conductive material 
28. Between each interconnect level, a barrier layer 36 
is formed therebetween. When alpha-W is used as bar- 
rier layer 36, the method of the present embodiment is 
employed. Alternatively, when other barrier materials, 
besides alpha-W, are employed, conventional deposi- 
tion techniques are used in forming the same. 
[0032] As was the case, with the capacitor structure 
shown in Fig. 2, the damascene structure shown in Fig. 
3 is prepared utilizing standard damascene processing 
steps known in the art except for the alpha-W barrier 
layer which is formed on the sidewall and bottom of the 
trench utilizing the method of the present embodiment 
which will be described hereinbelow. 
[0033] Many of the elements illustrated in Fig. 3 are 
the same as shown in Fig. 2 and thus the description 
above concerning those elements applies here for this 
figure. The only element not previously described is di- 



electric 44 which can be composed of the same or dif- 
ferent material as dielectric 22. 

[0034] The formation of the alpha-W barrier layers in 
Figs. 2 and 3 as well as other interconnect structures 
5 which contain a trench or via region and a conductive 
region therein will now be described in detail. Reference 
is also made to EP 840362, the contents are being in- 
corporated herein by reference, for disclosing the for- 
mation of a W gate material which is deposited by CVD 
10 using W(CO) 6 as the source material. 

[0035] Specifically, a barrier layer of alpha-W, e. g. lay- 
er 24, is formed inside the trench of dielectric 22 and/or 
44 so as to provide a conformal layer which continuously 
covers the sidewalls and the bottom of the trench by em- 
*s ploying CVD using W(CO) 6 as the source material under 
the temperature and pressure conditions defined here- 
inbelow which are sufficient to form alpha-W barrier lay- 
er 24 inside the trench of dielectric 22 or 44. It should 
be emphasized that the same conditions are employed 
20 in forming alpha-W barrier layer 25 shown in Fig. 2 ex- 
cept that barrier layer 25 is formed over conductive re- 
gion 28. 

[0036] Reference is made to Fig. 4 which shows a 
CVD apparatus that can be employed in the present em- 
25 bodiment to form the alpha-W barrier layer. Specifically, 
this CVD apparatus includes a load-lock stainless steel 
port 50 which comprises a graphite sample holder car- 
tridge, not shown in Fig 4, wherein the interconnect 
structure containing the opened trench or via is placed. 
30 The CVD apparatus further includes a chamber 52 
which contains a heater (not shown) for heating the 
sample during deposition and an ultra-high' vacuum 
pump 54 for controlling the base pressure prior to dep- 
osition and a second ultra-high vacuum pump 56 for 
35 controlling the reactor pressure during deposition. 

[0037] The source material 58, tungsten hexacarbo- 
nyl, W(CO) 6 , is introduced from tank 64 into chamber 
52 via a stainless steel valve 60 and is directed to the 
opened trench interconnect structure which is contained 
*o within the CVD apparatus. 

[0038] The specific operation of the CVD apparatus 
shown in Fig. 4 would comprise first placing the inter- 
connect structure into port 50 wherein the base pressure 
of the system is brought down to the desired level by 
45 ultra-high vacuum pump 54. After the desired base pres- 
sure is reached, tube 62 is used to push the interconnect 
structure into chamber 52 wherein vacuum pump 56 and 
the heater are used to control the deposition conditions. 
The source material 58 from tank 64 travels through 
50 valve 60 into chamber 52 and is used in the deposition 
process. 

[0039] Any grade of W(CO) 6 can be used in the 
present embodiment in forming the alpha-W barrier lay- 
er. If a low purity W(CO) 6 grade is used, it can be purified 
55 prior to being introduced into chamber 52 using purifi- 
cation techniques well known to those skilled in the art. 
[0040] The base pressure of the reactor prior to con- 
ducting the deposition step is evacuated to about 1x1 Or 8 
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Torr or pressures lower than 1x1 0* 8 Torr. Such base 
pressures are required in the present invention in order 
to remove any contaminates such as oxygen that may 
be present in the source material or the system prior to 
deposition. The presence of such contaminates may in- s 
hi bit the formation of pure alpha-W. 
[0041] CVD of W(CO) 6 occurs at a temperature of 
from about 250°C to about 600 P C. More preferably, the 
CVD deposition of W occurs at a temperature of from 
about 275°C to about 500°C. For optimum conductivity, to 
it may be desirable to add hydrogen to the W source 
material when operating at deposition temperatures of 
less than 450° C. The pressure of the reactor during dep- 
osition is from about 1x10" 6 to about 3x1 0' 3 Torr. More 
preferably, the deposition of W(CO) 6 occurs at a pres- 15 
sure of from about 1X10- 4 to about 2x1 0 -3 Torr. 
[0042] The CVD process is carried out for a time pe- 
riod of from about 3 minutes to about 4 hrs. Longer and 
shorter deposition times than those specified above are 
also contemplated herein. 20 
[0043] It is noted that these conditions are sufficient 
to form an alpha-phase W barrier layer 24 inside the 
trench of the interconnect structure. The same condi- 
tions are also capable of forming an alpha-phase barrier 
layer 25 over conductive region 28, as is shown in Fig. 25 
2. The term "alpha-phase" is used herein to denote W 
which is characterized as having the body centered cu- 
bic (bbc) structure, i.e. a crystal structure wherein W at- 
oms are located at each corner of a cubic array and one 
W atom is located in the middle of the cubic array. It is 30 
further emphasized that the CVD conditions are suffi- 
cient to form W which has a single phase. This is critical 
in interconnect structures since multiple phases can 
cause defect formation in the barrier layer which may 
result in the failure of the barrier layer to prevent the out- 35 
diffusion of Cu. This can occur when upon heating the 
thermodynamically less stable phase (beta-W) trans- 
forms to the more stable phase (alpha-W) with a change 
in specific volume. This volume change results in micro- 
cracks in the material along which Cu can travel. This *o 
barrier layer failure may ultimately result in device deg- 
radation or device failure. 

[0044] It is also noted that under the above conditions 
a conformal and continuous barrier layer comprising al- 
pha-W having a thickness of less than 1 5 nm is provided 45 
inside the trench. More specifically, the above condi- 
tions are sufficient to form an alpha-W barrier layer that 
has a thickness of no more than 7.0 nm. Lower or higher 
thicknesses are possible provided that a continuous film 
be formed by the deposition process. The average thick- so 
ness variation over typical device dimensions of the 
CVD deposited alpha-W on a given flat surface is no 
more than 5%. 

[0045] It is further noted that the alpha-W barrier layer 
of the present invention meets all seven criteria men- 55 
tioned in the Background Section of the present appli- 
cation. Hence, it provides properties such as being im- 
permeable to Cu diffusion, good adhesion and confor- 



mally and continuously covers a high aspect ratio trench 
which are heretofore not meet by prior art barrier layers. 
[0046] It should also be understood that the deposi- 
tion of W using CVD or sputtering techniques is well 
known in the art and it is generally applied as a wiring 
means in packaging applications. In prior CVD applica- 
tions, tungsten hexafluoride, WF 6 , is typically used as 
the source material not W(CO) 6 . Little attention has 
been given to the use of tungsten carbonyls in wiring 
applications since relatively high temperatures are nec- 
essary to produce reasonably pure W films. 
[0047] The formation of W layers using WF 6 CVD 
chemistry have been previously disclosed in the prior 
art. This process, however, differs fundamentally from 
the present invention, in that WF6 cannot be used to 
deposit W directly onto dielectric materials. Instead, 
thick layers of silicon must first be deposited onto the 
dielectric material in a chemical activation step, and then 
the silicon is reacted away (to form SiF 4 ) leaving W in 
its stead. 

[0048] Moreover, it has been determined that expo- 
sure of even quite thick oxide films (250 nm) to WF 6 
causes, without any exceptions, complete device fail- 
ure, i.e. it causes the oxide to become excessively leaky 
in terms of its current. Other techniques besides CVD 
have been employed such as sputtering W however, 
none of the prior art processes are capable of depositing 
alpha-W directly onto dielectric materials so as to 
achieve the objectives of the present invention. 
[0049] The following example is given to illustrate the 
scope of the present invention. Because this example 
is given for illustrative purposes only, the invention em- 
bodied therein should not be limited thereto. 

EXAMPLE 

[0050] A series of experiments were performed in or- 
der to demonstrate the effectiveness of the alpha-W bar- 
rier layer of the present embodiment. 

I. DEMONSTRATION OF IMPERMEABILITY 

[0051] A substrate comprising a planar layer of Cu 
having a thickness of 300 nm formed on the surface of 
silicon was exposed to W(CO) 6 in accordance with the 
CVD processing conditions mentioned hereinabove. 
Specifically, the W deposition was carried out in a CVD 
apparatus at a temperature of about 450°C and a dep- 
osition pressure of about 5x1 0* 4 Torr. Deposition was 
carried out at these conditions for a time period of about 
8 minutes which was sufficient to form a continuous al- 
pha-W barrier layer having a thickness of about 7 nm. 
[0052] The resulting structure was analyzed by X-ray 
photoemission spectroscopy (XPS) to ensure that there 
was no Cu present on the surface. This sample which 
contained no Cu on the surface was then annealed in 
vacuum for 70 hours at 500°C. These test conditions 
were more stringent than the conditions used under nor- 
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mal processing conditions- 3 hours at 450°C- which 
are typically sufficient to induce failure in prior art barrier 
layers. After annealing, the sample was reanalyzed by 
XPS to see if any Cu had diffused through the alpha-W 
barrier layer, none however, was observed. 
[0053] In another experiment, alpha-W was deposited 
by CVD onto a Si0 2 layer which was previously formed 
on a Si substrate using the same conditions described 
above. Afterwards both Al and Cu dots were deposited 
on top of the CVD alpha-W layer and subsequently used 
as metal masks while the W between the metal masks 
were milled away 

[0054] The milled sample was then subjected to bias 
temperature stressing (BTS) which was carried out at a 
temperature of 300°C and a voltage of 2 MV/cm for 5 
hours. These conditions are normally sufficient to drive 
the Cu into the Si0 2 dielectric layer. Thereafter, the sam- 
ple was subjected to triangular voltage sweep (TVS) by 
varying the voltage and measuring the capacitance at a 
desired voltage. Fig. 5 shows the results of the TVS ex- 
periment. Specifically, Fig. 5 shows that two peaks are 
present in the sample. The peaks were determined to 
be sodium peaks that were originally present in the sam- 
ple. No Al or Cu peaks were observed -this is evident 
in that no peaks are found in the negative voltage range 
wherein Cu typically resides-. The TVS data thus 
shows that the presence of the alpha-W barrier layer of 
the present invention prevents Cu from diffusing into the 
Si0 2 dielectric layer. 

[0055] The results of the above two experiments illus- 
trate that the CVD deposited alpha-W is a robust diffu- 
sion barrier layer 

II. DEMONSTRATION OF ADHESION 

[0056] Numerous samples of W on a Si0 2 layer which 
was previously formed on a Si substrate were formed 
by the CVD method described above in a variety of thick- 
nesses (3-100 nm) and structures consisting of both 
blanket films and long wire structures. Adhesion was 
tested using a scotch tape technique known to those 
skilled in the art and these test results revealed that the 
adhesion was invariably excellent (by the tape test) and 
remained so after temperature excursions as high as 
750°C 

[0057] In a comparative study, W was deposited on a 
Si0 2 layer which was previously formed on a Si sub- 
strate by sputtering. Under the same high temperature 
excursion as the CVD deposited alpha-W, the wiring 
structures containing sputtered W delaminated. 

III. DEMONSTRATION OF CONFORMAL COVERAGE 

[0058] In current practice, it is only necessary to coat 
trenches which are typically about 0. 3 microns wide wiih - 
a 3: 1 aspect ratio. To provide a rigorous test for confor- 
mal coverage, overhang structures were fabricated 
which had a base width of only about 0.05 microns and 



an aspect ratio of about 5:1 . From the SEM data it can 
be seen that conformality of growth of alpha-W by CVD 
was so good that these structures could have been com- 
pletely filled with alpha-W. This represents a much more 
5 difficult proposition than merely providing a coating to 
the walls. Thus, the conformal growth characteristics of 
the method far exceeds the conformal requirements of 
current practice. 

10 IV. DEMONSTRATION OF THE STRUCTURAL 

DIFFERENCES BETWEEN ALPHA-W FORMED IN 
ACCORDANCE WITH THE PRESENT INVENTION 
AND SPUTTERED W 

is [0059] X-ray crystallography was used to character- 
ized a first sample containing 50 nm sputtered W on a 
layer of Si0 2 which was previously formed on a Si sub- 
strate and a second sample containing alpha-W which 
is formed on a layer of Si0 2 which was previously 
20 formed on a Si substrate using the low temperature/ 
pressure CVD process of the present invention. Refer- 
ence is first made to Fig. 6(a) which shows the X-ray 
data for the CVD deposited W. Specifically, this figure 
shows a single symmetrical peak in the 2-theta diagram 
25 which is characteristic of 110 alpha-W. In regard to the 
sputtered W, reference is made to the X-ray data shown 
in Fig. 6(b). Specifically, Fig. 6(b) shows that the sput- 
tered W contains both alpha-W and beta-W which is ev- 
ident in that the peak is an asymmetric peak which con- 
30 tains two symmetric peaks inside thereof. This data 
clearly shows that sputtered W forms both the alpha- 
and beta-phases of W. As stated above, the presence 
of both phrases is not desirable in obtaining a barrier 
layer which meets all seven of the criteria mentioned in 
35 the Background Section of the present application. 
[0060] In summary, there is described an alpha-W lay- 
er which is employed in interconnect structures such as 
trench capacitors or damascene wiring levels as a dif- 
fusion barrier layer. The alpha-W layer is a single 
to phased material that is formed by a low temperature/ 
pressure chemical vapor deposition process using tung- 
sten hexacarbonyl, W(CO)6, as the source material. 
[0061] While this invention has been particularly 
shown and described with respect to preferred embod- 
45 iments thereof, it will be understood by those skilled in 
the art that the foregoing and other changes in form and 
detail may be made without departing from the spirit and 
scope of the present invention. 



Claims 

1 . A structure comprising at least one layer of a mate- 
rial having a layer of alpha-W on a portion thereof, 
and a conductive material formed over said alpha- 
W layer. 

2. The structure of Claim 1 further comprising a metal 



7 



13 



EP0 954 016 A2 



14 



seed layer between said alpha-W layer and said 
conductive material. 

3. The structure of Claim 1 or 2 wherein said material 

is a dielectric material selected from the group con- s 
sisting of a polyimide, paraiyne polymer, silicon pol- 
ymer, diamond, diamond-like carbon, fluorinated 
diamond-like carbon, Si0 2 and Si 3 N 4 . 

4. The structure of Claims 1 , 2 or 3 wherein said alpha- 10 
W layer is a single phase layer. 

5. The structure of any one of Claims 1 to 4 wherein 
said alpha-W layer is formed by chemical vapor 
deposition using W(CO) 6 as the source material. 15 

6. The structure of any one of Claims 1 to 5 wherein 
said alpha-W layer has a thickness of less than 1 5 
nm and/or has a minimum thickness of no less than 

7.0 nm. 20 

7. The structure of Claim 3 wherein doping in the die- 
lectric material is selected from the group consisting 
of fluorine, boron, silicon, Ge and phosphorous. 

25 

8. The structure of any one of claims 1 to 7 wherein 
said conductive material is selected from the group 
consisting of Cu, Al and alloys of Cu or Al. 

9. The structure of Claim 2 wherein said optional metal 30 
seed layer comprises substantially Cu or Ai. 



a trench or via region of an interconnect structure 
comprising: 

depositing a layer of alpha-W inside said 
trench region of said interconnect structure, where- 
in said depositing comprises chemical vapor depo- 
sition (CVD) using W(CO) 6 as a source material. 

16. The method of Claim 15 wherein said depositing 
step is carried out at a temperature of from about 
250° to about 500°C or said depositing step is car- 
ried out at a temperature of from about 275° to 
about 600°C. 

17. The method of Claim 1 5 or 16 wherein said depos- 
iting step is carried out at a pressure of about 1 x 
10* 6 to about 3 x 10- 3 Torr or said depositing step is 
carried out at a pressure of about 1 x 10 -4 to about 
2 x 10" 3 Torr. 

18. The method of Claim 15, 16 or 17 wherein said de- 
positing step is carried out for a time period of from 
about 3 minutes to about 4 hours. 

1 9. The method of Claim 15, 16, 1 7 or 1 8 wherein prior 
to carried out step depositing step the base pres- 
sure is evacuated to about 1x10" 8 Torror lower pres- 
sures. 

20. The method of any one of Claims 15 to 1 9 wherein 
said depositing step provides an average thickness 
variation of no more than 5%. 



10. The structure of Claim 3 wherein said material is 
polys i I icon. 

35 

1 1 . The structure of Claim 1 wherein said alpha-W layer 
further includes hydrogen. 

12. An interconnect structure comprising at least one 
layer of a dielectric material having at least one *o 
trench or via region therein, wherein said trench or 

via region includes sidewalls and a bottom wall; a 
conformal barrier layer of alpha-W covering the 
sidewalls and the bottom of said trench or via re- 
gions; and a conductive material formed over said *s 
alpha-W barrier layer. 

1 3. The interconnect structure of Claim 1 2 wherein said 
dielectric material is part of an interconnect struc- 
ture selected from the group consisting of capaci- 50 
tors, damascene structures and multiple via and 
wiring levels. 



14. A barrier layer for use in interconnect structures 
wherein said barrier layer comprises alpha-W, ss 
wherein said alpha-W has only a single phase. 



1 5. A method of forming an alpha-W barrier layer inside 
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